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Vestibology 

Vestibular assessment in patients with vestibular 
schwannomas: what really matters? 

Valutazione della funzione vestibolare nei pazienti affetti da Schwannomi vestibolari: 
cosa conta realmente? 
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SUMMARY 

Vestibular function is often underdiagnosed in vestibular schwannomas (VS). To evaluate it in a selected group of patients harbouring 
vestibular schwannomas, 64 patients were included in this study, recruited between March 2008 and June 2011 at our institution. All pa- 
tients underwent Gd-enhanced MRI and complete neurotological evaluation before gamma knife surgery. Morphological measurements 
included Koos Classification and quantification of internal acoustic canal filling in length and diameter Cochlear and vestibular functions 
were assessed considering pure tone and speech audiometry, bedside examination and caloric test by videonystagmography. A statistical 
analysis was performed to find possible correlations between morphological and cochleovestibular data. Patients with a higher intracanali- 
cular length (ICL, mean value 8.59 and median 8.8 mm) of the tumour presented a higher value of UW than the subgroup with a lower length 
(51.9 ± 24.3% and 38.8 ± 18.1% respectively, p = 0.04), while no difference was detected for pure tone audiometry (PTA) values (50.9 ± 22.3 db 
and 5 1 . 1 ± 28.9 db respectively). Patients with a higher ICL also presented a higher rate of positive HIT (88% and 60% respectively, p = 0.006). 
Patients with a higher value of intracanalicular diameter (ICD, mean value 5.22 and median 5.15 mm) demonstrated higher values of UW 
(50.2 ± 29.1% and 39.3 ±21% respectively, p = 0.03), but not different PTA (50.2 ± 29.1 db and 51.9 ± 29.9 db respectively). Finally, patients 
with a positive head impulse test (HIT) demonstrated significantly higher values of unilateral weakness (UW) (p = 0.001). Vestibular disorders 
are probably underdiagnosed in patients with VS. ICL and ICD seem to be the main parameters that correlate with vestibular function. Also, 
in case of small intracanalar Tl VS a slight increase of these variables can result in significant vestibular impairment. The data reported in 
the present study are not inconsistent with the possibility of proactive treatment of patients with VS. 

KEY WORDS: Vestibular Schwannomas • Vestibular tests ■ Hearing loss • Gamma- Knife • Radiosurgery 
RIASSUNTO 

Lafunzionalita vestibolare e ad oggipoco studiata nei pazienti affetti da Schwannomi Vestibolari ed i deficit vestibolari spesso sottovaluta- 
ti. Alio scopo di valutare tale funzione, sessantaquattro pazienti affetti da Schwannomi Vestibolari sono stati inclusi nei lavoro, reclutati tra 
marzo 2008 e giugno 2011 presso il nostra ospedale. Tutti i pazienti hanno eseguito una RMN encefalo con contrasto ed una valutazione 
cocleo-vestibolare completa prima del trattamento con Gamma-Knife. Le misurazioni morfologiche comprendevano la classificazione 
secondo Koos e la quantificazione della lunghezza e diametro intracanalare della lesione. La valutazione cocleovestibolare e stata effet- 
tuata con una audiometria tonale e vocale ed una valutazione vestibolare completa con videonistagmografia e stimolazione calorica. Una 
analisi statistica e stata condotta per valutare possibili correlazioni tra i dati morfologici della lesione ed i reperti cocleovestibolari. I 
pazienti con una maggiore estensione in lunghezza della lesione all'interno del canale (media 8,59, mediana 8,8 millimetri) presentavano 
pill elevati valori di Preponderanza Labirintica alia prova termica (51,9 e 38,8 rispettivamente, p = 0,04), mentre nessuna differenza e 
stata trovata relativamente alia perdita uditiva all'esame audiometrico tonale (50,9 db e 51,1 db rispettivamente). I pazienti con maggiore 
estensione intracanalare in lunghezza presentavano anche una piu alta percentuale di positivitd al test dell' Head Impulse (88% e 60% 
rispettivamente, p = 0,006). 1 pazienti con maggiore diametro incananalare della lesione (media 5,22, mediana 5,15 millimetri) hanno evi- 
denziato piu alti valori di Preponderanza Labirintica al test calorico (50,2 e 39,3 rispettivamente, p = 0,03) ma nessuna differenza di soglia 
uditiva (50,2 e 51,9 rispettivamente). Per ultimo, i pazienti con Head Impulse positivo hanno evidenziati piu alti valori di Preponderanza 
Labirintica ai test calorici (p = 0,001). I disordini vestibolari sono probabilmente sotto-diagnosticati nei pazienti affetti da Schwannoma 
deir8° nc. La lunghezza ed il diametro della lesione entro il condotto uditivo interna sono risultati i principali parametri correlabili con il 
danno vestibolare. Anche in caso di piccole lesioni Tl, un modesto incremento della lesione potrehbe inoltre determinare un significativo 
peggioramento della funzione vestibolare. Questi dati suggeriscono I'utilitd di una terapia attiva anche in pazienti con lesioni di piccolo 
volume a decorso intracanalare. 

PAROLE CHIAVE: Schwannomi 8° nervo cranico • Test vestibolari • Ipoacusia • Gamma-Knife • Radiochirurgia 

Acta Otorhinolaryngol Ital 2014;34:123-128 



123 



R. Teggi et al. 



Introduction 

Vestibular schwannomas (VS) are extra-axial, slow-grow- 
ing benign lesions arising from the vestibular nerve. Usu- 
ally the VS originates in the distal neurilemmal portion of 
the nerve at, or close to, the neurilemmal glial junction 
The median age at diagnosis is 50 years and appears in a 
sporadic unilateral form in the majority of cases (95%), 
with an incidence of about 1/100,000 per year, without 
any sexual prevalence ^ \ When bilateral, it is often linked 
to a neurofibromatosis type 2, an autosomal dominant 
tumour-suppressor syndrome characterised by schwan- 
nomas, meningiomas and ependymomas that develop 
throughout the central and peripheral nervous systems * 
They represent more than 90% of all cerebellopontine an- 
gle lesions. In 25%-45% of cases schwannomas occur in 
head and neck region ^. 

In the last decades, with the widespread availability 
of MRI, the incidental diagnoses of VS has increased, 
while the size of newly diagnosed VS has progres- 
sively decreased. Despite the anatomical origin, many 
patients with VS complain of hearing loss ' ^, but only 
a few experience vestibular symptoms Many studies 
have demonstrated the correlation between tumour size 
and functional hearing '° but the correlation between 
tumour extension and vestibular symptoms has still not 
been clarified. 

In previous studies, tumour size has been demonstrated to 
have a correlation with caloric responses and vestibular 
evoked myogenic potentials (VEMPs), and above all with 
ocular VEMPs although in patients with VS within 
the internal acoustic canal neither the nerve origin of the 
tumour nor tumour size show clear correlation with the 
results of these tests In fact, the absence of caloric re- 
sponses and VEMPs from one side may be predictive of a 
tumour size > of 2.5 cm 
Three options have been proposed for VS: 
Surgical treatment may be considered although ac- 
cording to some authors intervention may be associated 
with several complications 

A radiosurgical approach may be alternatively taken 
according to the recent guidelines for the treatment of VS 
approved by the International Radiosurgery Association 
(IRSA) stereotactic radio-surgical treatment with gam- 
ma knife (GKS) is indicated in tumours smaller than 3 cm 
in diameter without brainstem distortion, post-surgical re- 
sidual even larger than 3 cm and growing intracanalicular 
tumours. Recent studies reported a tumour growth control 
rate after GKS treatment of 93-100% ^z". 
Since most VS have a slow growth rate, management with 
a "wait and see" policy has been proposed 
Some authors underline that when surgery is needed after 
radiosurgery, the risk of facial nerve palsy is increased 
Audiometric exam, rather than vestibular assessment, is 
at present mainly considered in therapeutic decision. The 



present study aims to evaluate vestibular function in a se- 
lected group of patients eligible for GKS for VS. 

Materials and methods 

Patient population 

Between March 2008 and June 201 1, 240 patients under- 
went GKS for VS at the Neurosurgical Department of San 
Raffaele Hospital in Milan. All patients were eligible for 
GKS according to IRSA Guidelines. 
In all cases, Gd-enhanced MRI and complete otolaryn- 
gological evaluation before GKS treatment were performed. 
Exclusion criteria were: 

• no detectable hearing before treatment; 

• type 2 neurofibromatosis; 

• bilateral tumours; 

• Koos T4b stage; 

• previous therapy on the targeted tumour; 

• evidence of chronic otitis media and/or previous sur- 
gery of the middle ear; 

• therapies with ototoxic drugs and/or chemotherapy; 

• other lifetime vestibular disorders, with particular at- 
tention to Meniere's disease and CNS disorders. 

Moreover, patients were asked to avoid consumption of 
any sedative drugs within the 24 hours before examina- 
tion. According to these criteria, 64 patients were selected 
and included in the study: 42 women (66%) and 22 men 
(34%) with a mean age of 54.5 years (median 55.5 years, 
range 19-81 years). Thirty-five patients (55%) had right 
sided VS, and 29 (45%) left sided VS. Demographic data 
are summarised in Table I. 

Evaluation of tumour size 

Tumour volume, internal acoustic canal filling (in length 
and diameter) and Koos classification were assessed on 
MRI (Magnetom Vision model, Siemens; 1.5 Tesla) per- 
formed before GKS. The MRI imaging sequences were 
gadolinium contrast enhanced axial and coronal Tl- 
weighted (2 mm thickness without gap, TR = 650, TE = 
14, matrix 512 x 512 and double acquisition), 3D-CISS 
(reconstructed to 1.2 mm thickness without gap, TR = 
4000, TE = 250, matrix 512 x 512) and axial T2 weighted 
(2 mm thickness without gap, TR = 3000, TE = 120, ma- 
trix 512 x 512). 

The tumour volume varied between 0.01 and 9.4 ml (mean 
1.34 + 0.22 ml, median 0.73 ml). The mean intracanalicu- 
lar length (ICL) was 8.59 mm (median 8.8 range 2.8-13.4 
mm), and mean intracanalicular diameter (ICD) was 5.22 
mm (median 5.2 range 1.1-10.8 mm). According to Koos 
classification, 11 lesions were stage Tl, 8 stage T2, 15 
stage T3a, 20 stage T3b and 10 stage T4a; no patients with 
4* ventricle obstruction (Koos stage T4b) were included. 
Morphologic data are summarised in Table 11. 
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Table 1. Patient population. 




# patients (%)^^^| 


Sex 




IVlale 


22 (34) 


Female 


42 (66) 


Side 




Rlgtit 


35 (55) 


Left 


29 (64) 


Koos tumour stage 




T1 


11 (17) 


T2 


8(13) 


T3a 


15(23) 


T3b 


20 (31) 


T4a 


10(16) 


Table II. Morphological data of lesions. 


Agey±SD ICLmm±SD 


ICD mm±SD Volume ml±SD 



Koos 1 
(n=11) 

Koos 2 
(n=8) 

Koos 3A 
(n=15) 

Koos 3B 
(n=20) 

Koos 4 
(n=10) 



51 ±15 8.2 ±1.9 4.7 ±1.5 0.12 ±0.08 

47 ±19 9.4 ±2.2 5.6 ± 1.2 0.53 ± 0.34 

55 ±9 7 ±2.5 4.9 ±1.6 1.3 ±1 

55 ±13 9.6 ±2.5 5.1 ±1.8 2.7 ± 2.6 

57 ±16 8.3 ±2.8 5.6 ±1.8 4.8 ± 2.9 



ICD = intracanalicular diameter, ICL = intracanalicular length, y = years. 



Cochlear and vestibular assessment 

Cochlear and vestibular assessments were performed by a 

senior neurotologist and included: 

• Clinical history for the age of onset of cochlear symp- 
toms, presence of previous episodes of rotational ver- 
tigo and sensation of unsteadiness or imbalance. 

• Pure tone audiometry for frequencies between 250 Hz 
and 8000 Hz; the exam was performed in a quiet room 
with a half octave precision. The pure-tone average 
(PTA) was calculated as the mean of 0.5, 1, 2, and 3 
kHz thresholds. 

• Speech audiometry was performed in silence, scoring 
by phonemes correctly repeated at several suprath- 
reshold intensities. The CD contained phonetically 
balanced disyllabic lists commonly used for adult 
clinical testing. Speech discrimination score (SDS) 
was assessed; SDS was defined as the percentage of 
words correctly identified. 

• Evaluation of vestibular system function performed by 
videonystagmography using the V025 VNG system 
(Interacoustics, Assens, Denmark); the full vestibular 
examination included a study of spontaneous nystag- 
mus, post head shaking test (HST), head impulse test 
(HIT) and hyperventilation tests. 



• Caloric stimulation according to Fitzgerald-Hallpike 
was performed using an Amplaid otocalorimeter. The 
authors used angular slow phase velocity (SPV), as 
calculated during 10 sec of culmination, as the single 
parameter of labyrinthine function during caloric tests: 
data were interpreted in terms of unilateral weakness 
(UW) according to Jongkees' formula. 
According to the American Academy of Otolaryngology- 
Head and Neck Surgery (AAO-HNS) guidelines hear- 
ing function was defined as class A (PTA < 30 dB and 
SDS > 70%), class B (PTA > 30 dB and < 50 dB and SDS 
> 50%), class C (PTA > 50 dB and SDS > 50%) or class D 
(PTA any level and SDS < 50%). Caloric vestibular func- 
tion was defined as class A when UW was less than 25%, 
class B when between 25 and 50%, class C when between 
50 and 75%, class D when UW exceeded 75%. 

Statistical analysis 

Continuously distributed variables were described as mean 
and standard deviation (SD), while median values and cat- 
egorical variables were described by frequencies and per- 
centages. The significance of any difference between groups 
was evaluated by a t-test for independent samples and analy- 
sis of variance (ANOVA) for repeated measures. Nominal 
data were compared by the chi-square test. The results were 
considered statistically significant for p values < 0.05. 

Results 

In this cohort, 18 subjects referred a previous episode of 
acute vertigo and 26 referred feeling unstable. Results of 
cochlear and vestibular findings differentiated for Koos 
classification are shown in Table III. Although patients 
with Koos 2 stage VS presented lower values of UW and 
PTA compared to other groups, no statistical difference 
was detected. Koos 4 patients referred a lower rate of life- 
time rotational vertigo than other subjects. No difference 
was present for clinical history of imbalance. 
HIT was positive in 8 subjects in Koos stage 1 (80%), 6 in 
Koos 2 (75%), 12 in Koos 3a (80%), 19 in Koos 3b (95%) 
and 7 in Koos 4a (60%). All subjects with a positive hy- 
perventilation test also presented a positive HIT. Finally, 
the total population of patients with a positive HIT dem- 
onstrated higher values of UW (p = 0.001). 
All vestibular and cochlear results were compared to the 
ICL and ICD. ICL values ranged between 2.8 and 13.4 
mm (mean 8.59 ± 2.65 mm) and the median was 8.8 
mm. ICD values ranged between 1.1 and 10.8 mm (mean 
5.22 ± 1.68 mm) and the median was 5.15 mm. The sub- 
group of 30 patients with a higher ICL of the tumour pre- 
sented a higher value of UW than the subgroup with a 
lower length (51.9 ± 24.3% and 38.8 ± 18.1% respectively, 
p = 0.04), while no difference was seen for PTA values 
(50.9 ± 22.3 db and 51.1 ± 28.9 db, respectively). Moreo- 
ver, patients with a higher ICL also presented a higher rate 
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Table III. Cochlear and vestibular data. 





w Vertigo 
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III uvwIUOl 


Class of Hearing 
fiinptinn 


Class of vestibular 
fiinptinn ^^^^ 


1 llAfO/ 

UWYo 


Hypervent 


r\OOS 1 (n = n ) 


0 (4o /o) 


0 (4o /o) 


ACl 1 OT 


A A 

A = 4 


A i 
A = 1 




y (oZ /o) 










D ^ 
D = 1 


D O 

D = 3 














C = 4 


C = 6 














D = 2 


D = 1 






L/nno 0 /n Q\ 
^OOS tL\\\ = o) 


Q /Q70/\ 


4 (OU /o) 


illD ± 1 o 


A = 0 


A /I 


± 1 4 


4 (OU h) 










D O 

D = Z 


D A 
D = 4 














C = 1 








rxUUo oM 


'-t \C.I /DJ 


O ^^U /Oj 


UU X ou 


A — ^ 

M — 0 






1 1 \/ O 10) 


in -1 








R - fi 

u — u 


B - 5 














L< — 0 


r - 4 














D = 3 


D = 4 






Koos 3B 


6 (30%) 


9 (45%) 


57 ±35 


A = 4 


A = 2 


49 ±25 


16(80%) 


(n = 20) 








B = 6 


B = 9 














C = 6 


C = 5 














D = 4 


D = 4 






Koos 4A 


1 (10%) 


5 (50%) 


55 ±34 


A = 2 


A = 1 


47 ±30 


7 (70%) 


(n = 10) 








B = 3 


B = 6 














C = 3 


C = 1 














D = 2 


D = 2 







PTA = Pure tone average, UW = unilateral weakness. 



of positive HIT (88% and 60% respectively, p = 0.006). No 
dilference between the two groups was detected in the hy- 
perventilation test (72% and 70% of subjects, respectively). 
Finally, the subgroup of 30 patients with a higher value 
of ICD demonstrated higher values of UW (50.2 ± 29.1% 
and 39.3 ±21% respectively, p = 0.03), but not different 
PTA (50.2 ± 29.1 db and 51.9 ± 29.9 db, respectively). No 
statistical difference for HIT was observed between these 
two groups (81% and 68%, respectively) and hyperventi- 
lation test (73% and 69%, respectively). 

Discussion 

Since VS originates from the vestibular nerve, a deficit of 
vestibular function should always be observed none- 
theless, vestibular impairments are rarely studied in pre- 
operative workup, and most patients came to diagnosis 
because of hearing loss confirmed by audiometric exam. 
According to previous studies, the degree of the vestibu- 
lar deficit correlates with both tumour size and growth 
rate In our sample, only 18 subjects referred a previous 
episode of acute vertigo; in contrast, only 10 patients had 
normal vestibular assessment (15%; 1 subject in Tl stage, 
4 in T2, 3 in T3a and 2 in T3b). Our data are in agree- 
ment with previously published data concerning vestibu- 
lar abnormalities in patients with VS, reporting normal 
vestibular function in only 14% of cases. It should be also 
considered that only 26 subjects (40%) in our cohort re- 
ferred imbalance; in our opinion, central compensation 
processes in slowly decreasing vestibular function may 
explain the significant difference with the rate of subjects 
presenting UW at caloric tests. 



At present, the HIT proposed by Halmagyi and Curthois 
is widely used to detect vestibular peripheral hypofunc- 
tion hyperventilation, on the other hand, is an increas- 
ingly used bedside test and alkalosis provoked by the 
manoeuvre can produce a nystagmus normally beating 
towards the healthy side, probably disrupting central 
compensation. In our series, the hyperventilation test was 
positive in 73% of patients, while other authors reported 
a positive result in up to 91.7% of cases ^''^'; in particu- 
lar, we found no statistical difference in test responses be- 
tween patients with higher or lower ICL /ICD. Moreover, 
according to some authors, caloric responses are well cor- 
related with intraoperative findings and provide predictive 
factors for facial palsy and hearing outcome The loss of 
vestibular function has been correlated with tumour size, 
although it is not strictly associated with a deterioration of 
the quality of life assessed with the Dizziness Handicap 
Inventory questionnaire 

Another previous study reported a higher incidence of ver- 
tigo in patients with small and medium size VS compared 
to patients harbouring larger tumours (> 4 cm) ^^; in the 
present series, vestibular function correlated with the ICL 
and ICD of VS rather than with tumour volume or Koos 
stage. A possible explanation for this finding may be that 
the main mechanism of nerve injury is related to its com- 
pression inside the internal acoustic canal. On these bases, 
some authors proposed clinical intervention, such as ves- 
tibular rehabilitation in all patients with VS, and especially 
in subjects treated with surgical intervention or GKS 
Some authors advocate a wait-and-see strategy, especially 
for Tl stage VS, and focusing attention on tumour growth 
and hearing function ^'^ On the other hand, other dem- 
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onstrated that the wait-and-see pohcy exposes patients to a 
high risk of tumour growth and hearing loss. Both events 
may occur independently in the mid-term period To the 
best of our knowledge, nothing has been published on ves- 
tibular function in patients proposed for wait-and-see poli- 
cy. The results of this study showed that vestibular function 
is more influenced by ICL and ICD, rather than by total 
tumour volume. Consequently, it is likely that a slight in- 
crease in ICL or ICD may produce alteration in the HIT and 
caloric responses, reflecting a poorer result in terms of ves- 
tibular function even after successful therapy at later times. 
It should be also considered that previous studies reported 
tumour growth control in 98% of patients treated with GKS, 
possibly avoiding a further increase in ICL and ICD with 
the possibility of hearing and vestibular preservation 
The data reported in the present study support the pos- 
sibility of proactive GKS treatment even in patients har- 
bouring small Tl VS. Nevertheless, a prospective study 
analyzing data on vestibular function after GKS is needed 
to confirm this possibility. 

Conclusions 

Vestibular disorders are probably underdiagnosed in pa- 
tients with VS, and complete vestibular assessment should 
always be performed. ICL and ICD seem to be the main 
parameters that correlate with vestibular function even in 
patients harbouring small intracanalicular VS. Particular 
attention should be given to ICL and ICD in small Tl VS, 
in which even a slight increase of these variables can af- 
fect vestibular function. The data from the present study 
support the role of proactive treatment even in these pa- 
tients. Nevertheless, a prospective study analysing data on 
vestibular function after GKS is needed to confirm this 
possibility. 

Abbreviations 

VS: Vestibular Schwannomas 

GKS: Gamma Knife 

HIT: Head Impulse Test 

UW: Unilateral Weakness 

PTA: Pure Tone Audiometry 

ICD: Intracanalicular Diameter 

ICL: Intracanalicular Lenght 

SDS: Speech Discrimination Score 
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